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RESONATORTUNING SYSTEM 

TECHNICAL FIELD 

The present invention relates generally to Satellite com 
munication Systems, and more particularly, to a resonator 
tuning System for Satellite communication Systems. 

BACKGROUND ART 

Satellites and other Spacecraft are in widespread use for 
various purposes including Scientific research and commu 
nications. These Scientific and communications missions, 
however, cannot be accurately fulfilled without wireless 
communication between a ground Station and the Spacecraft. 
In many applications, the Satellite relies upon a wireleSS 
communication to Send and receive electronic data to per 
form attitude and position corrections, diagnostic Status 
checks, communication calculations and other functions. 
Without accurate wireleSS communication, proper Satellite 
function is hindered and at times adversely effected. 
Many modern Spacecraft use resonator tuning Systems for 

changing communication frequencies. The prior art Systems 
for changing communication frequencies are predicated 
upon coupling a voltage controlled capacitor (Varactor) to a 
resonator in order to change its resonance frequency. There 
are two general cases for resonator tuning Systems, the 
lumped case and the distributed case. 

In the lumped case, the resonance frequency for of 
a resonator with capacitance C and inductance L is given by: 

1 (1) 
fo lamped = 1 VL. C. 

Tuning is effected by connecting the Varactor having capaci 
tance C(V), either in Series or in shunt with the 
resonator. When connected in Series, the resonant frequency 
becomes: 

1 1 (2) 

Carcontrol) 
C+ Car (Vcontrol) 

When, on the other hand, the varactor is connected in shunt 
with the resonator, the resonance frequency is given by: 

Series fied = 

1 (3) 

WL (C + Car (Vcontrol)) 
fe. = 1 0 imped 

In the distributed case, the Varactor is used to terminate a 
transmission line of length equal to one-quarter wavelength 
at the frequency of interest. Then, by virtue of the impedance 
inverter effect, the input impedance of the transmission line 
acts inductive, with an inductance value that is a function of 
the terminating capacitor value. Thus the effective induc 
tance L, of the resonator being loaded by the transmission 
line, is changed and consequently its resonance frequency is 
changed. 

The fundamental disadvantage of these approaches Stems 
from the fact that the Semiconductor Varactor is not a pure 
capacitor, but contains an intrinsic parasitic resistance that 
introduces losses in the resonator, thus lowering its unloaded 
Q. The consequence of a reduction in the unloaded Q may 
be appreciated by examining the carrier to noise (C/N) ratio 
in a Voltage Controlled Oscillator (VCO), where (C/N) is 
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given by: 

C (2x Qix Afx P. (4) 

Where Q, is the loaded Q of the resonator, Loss is the loss 
factor in the resonator, f is the frequency of oscillation, Af 
is the offset frequency from fo, Po is the output power of the 
oscillator, k is Boltzrnann's constant, T is the absolute 
temperature, B is the measurement bandwidth, and NF is the 
noise figure of the amplifier. Examination of equation (4) 
reveals that in order to obtain high C/N ratio, the loaded Q 
must be high. The loaded Q is highest when it experiences 
minimum external loading. 
The disadvantages associated with these conventional 

resonator tuning techniques have made it apparent that a 
new technique for resonator tuning is needed. The new 
technique should maintain the high, unloaded Q properties 
of resonators, while Significantly reducing phase noise. 
Additionally, the new technique should allow Superior fre 
quency tuning capability. The present invention is directed 
to these ends. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the invention to provide an 
improved and reliable resonator tuning System. Another 
object of the invention is to maintain the high, unloaded Q 
properties of resonators, while Significantly reducing phase 
OSC. 

In accordance with the objects of this invention, a reso 
nator tuning System is provided. In one embodiment of the 
invention, a resonator tuning System includes an apparatus 
coupled to a resonator for changing the resonator's reso 
nance frequency. Tuning of the resonator is accomplished by 
varying the coupling to a capacitor or Varactor, rather than 
by varying the capacitor. An interferometer, Such as a 
Mach-Zender interferometer, is coupled to the resonator and 
changes the resonance of the resonator by applying an 
actuation Voltage to vary the coupling to the resonator. In 
this way, a resonator may be tuned and maintain high 
unloaded Q properties while being coupled to a Varactor or 
other load. 
The present invention thus achieves an improved resona 

tortuning System. The present invention is advantageous in 
that it allows Superior frequency tuning capability over the 
prior art. 

Additional advantages and features of the present inven 
tion will become apparent from the description that follows, 
and may be realized by means of the instrumentalities and 
combinations particularly pointed out in the appended 
claims, taken in conjunction with the accompanying draw 
IngS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the invention may be well understood, there 
will now be described some embodiments thereof, given by 
way of example, reference being made to the accompanying 
drawings, in which: 

FIG. 1 is a perspective view of a Satellite System having 
a resonator tuning System in accordance with one embodi 
ment of the present invention; 

FIG. 2 is a block diagram of a resonator tuning System in 
accordance with one embodiment of the present invention; 
and 

FIG. 3 is a depiction of a Mach-Zender interferometer in 
accordance with one embodiment of the present invention is 
illustrated. 
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BEST MODES FOR CARRYING OUT THE 
INVENTION 

In the following Figures, the same reference numerals 
will be used to identify identical components in the various 
Views. The present invention is illustrated with respect to a 
resonator tuning System, particularly Suited for the aero 
Space field. However, the present invention is applicable to 
various other uses that may require resonator tuning SyS 
temS. 

Referring to FIG. 1, a perspective view of a satellite 
system 10 in accordance with one embodiment of the 
present invention is illustrated The satellite system 10 is 
comprised of one or more Satellites 12 in communication 
with a ground station 14 located on the Earth 16. Satellite 12 
relies upon wireless communication to Send and receive 
electronic data to perform attitude and position corrections, 
diagnostic Status checks, communication calculations and 
other functions. Without accurate wireleSS communication, 
proper Satellite function is hindered and at times adversely 
effected. Each Satellite 12 contains one or more resonator 
tuning Systems 18 to change communication frequencies. 

Referring to FIG. 2, a resonator tuning system 18 in 
accordance with one embodiment of the present invention is 
illustrated. Resonator tuning System 18 uses a structure in 
which tuning of a resonator 20 is accomplished by varying 
the coupling to a capacitor, rather than by varying the 
capacitor. In terms of the prior art, the effective transformer 
ratio, N, is varied. 
Using impedance-transforming properties of a 

transformer, the input to the primary port of a 1: N, trans 
former whose secondary is loaded with a capacitor C, or 
an inductor L, results in a capacitance N. Caning O 
inductance L/N, respectively. To vary the effective 
coupling, N, a Mach-Zender interferometer 22 is coupled to 
resonator 20. in the present invention, Mach-Zender inter 
ferometer 22 is implemented as a capacitor, Specifically a 
ring capacitor. One skilled in the art, however, would realize 
that the present invention may be practiced with either a 
capacitor or inductor. 

Mach-Zender interferometer 22 acts as a tunable capacitor 
and includes a bottom electrode 24, an air-bridge 26, and a 
ring branch 28. Applying an actuation Voltage V, causes 
air-bridge 26 to deflect towards ring branch 28, thus loading 
the ring branch 28 with variable capacitance, which in turn 
changes the coupling to the ring branch 28 and as a 
consequence, the effective capacitance coupled to resonator 
20. Resonator 20 is coupled to a transmission line 30 having 
a termination 32 at one end and an active element 34 at the 
opposite end. Active element 34 is coupled to both a 
feedback element 36 and a matching network 38 that is 
coupled to a terminating load 40. 

Referring now to FIG. 3, a Mach-Zender interferometer 
22 in accordance with one embodiment of the present 
invention is illustrated. ASSuming balance amplitudes, i.e., 
t=t=1, the transmission, T, which relates the output-to 
input wave amplitude ratio is given by: 

where k is the propagation constant defined by: 

k=covLC, 

with () being the frequency and L and C, being the 
inductance and capacitance per unit length, respec 
tively. In the present invention, L is one-half the 
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4 
mean circumference of ring branch 28. For a given 
L., T is a function of k and k, and T is a measure of 
the coupling between input 42 and output 44, when 
there is an output transmission line. When there is 
not an output transmission line, the waves in each 
branch of ring 28 Simply counter propagate and T 
Still represents the coupling to ring 28. In this case, 
however, it is more appropriate to consider the 
reflection from ring 28 R=1-T. This coupling can be 
Varied by changing k2-k, in particular, by changing 
C, on one of the ring branches. 

The present invention maintains the high, unloaded Q 
properties of traditional resonators, Such as dielectric 
resonators, while significantly reducing phase noise. 
Additionally, the present invention allows Superior fre 
quency tuning capability, while achieving the highest loaded 
Q/lowest phase noise possible. 
From the foregoing, it can be seen that there has been 

brought to the art a new and improved resonator tuning 
System. It is to be understood that the preceding description 
of the preferred embodiment is merely illustrative of some 
of the many specific embodiments that represent applica 
tions of the principles of the present invention. Clearly, 
numerous and other arrangements would be evident to those 
skilled in the art without departing from the Scope of the 
invention as defined by the following claims: 
What is claimed is: 
1. A resonator tuning System comprising: 
a waveguide coupled to an active element, Said 

waveguide propagating an electromagnetic wave for a 
given frequency; 

a matching network and a feedback element coupled to 
Said active element; 

a resonator coupled to Said waveguide, Said resonator 
tuning Said given frequency for Said waveguide; 

an interferometer coupled to Said resonator, Said interfer 
ometer changing a resonance of Said resonator by 
varying a coupling to Said resonator. 

2. The resonator tuning System as recited in claim 1, 
wherein said interferometer is a Mach-Zender interferom 
eter. 

3. The resonator tuning System as recited in claim 1, 
wherein Said interferometer is capacitive. 

4. The resonator tuning System as recited in claim 1, 
wherein Said interferometer is inductive. 

5. The resonator tuning System as recited in claim 1, 
wherein Said interferometer is coupled in Series with Said 
reSOnator. 

6. The resonator tuning System as recited in claim 1, 
wherein Said interferometer is coupled in shunt with Said 
reSOnator. 

7. The resonator tuning System as recited in claim 1, 
wherein Said interferometer is used to terminate Said trans 
mission line. 

8. The resonator tuning System as recited in claim 7, 
wherein Said transmission line is one-quarter wavelength at 
Said given frequency. 

9. The resonator tuning System as recited in claim 1, 
wherein Said interferometer is a ring capacitor having an 
electroStatically actuated MEM air-bridge disposed acroSS 
one branch. 

10. A Satellite communications System, comprising: 
a ground Station; 
a Satellite in orbit and in communication with Said ground 

Station, Said Satellite having a resonator tuning System 
comprising; 
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a waveguide coupled to an active element, Said 
waveguide propagating an electromagnetic wave for 
a given frequency; 

a matching network and a feedback element coupled to 
Said active element; 

a resonator coupled to Said waveguide, Said resonator 
tuning Said given frequency for Said waveguide, and 

an interferometer coupled to Said resonator, Said inter 
ferometer changing a resonance of Said resonator by 
varying a coupling to Said resonator. 

11. The Satellite communications System as recited in 
claim 10, wherein said interferometer is a Mach-Zender 
interferometer. 

12. The satellite communications as recited in claim 10, 
wherein Said interferometer is capacitive. 

13. The Satellite communications System as recited in 
claim 10, wherein said interferometer is inductive. 
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14. The Satellite communications System as recited in 

claim 10, wherein Said interferometer is coupled in Series 
with Said resonator. 

15. The Satellite communications System as recited in 
claim 10, wherein said interferometer is coupled in shunt 
with Said resonator. 

16. The Satellite communications System as recited in 
claim 10, wherein said interferometer is used to terminate 
Said transmission line. 

17. The Satellite communications System as recited in 
claim 16, wherein Said transmission line is one-quarter 
wavelength at Said given frequency. 

18. The Satellite communications System as recited in 
claim 10, wherein Said interferometer is a ring capacitor 
having an electroStatically actuated MEM air-bridge dis 
posed acroSS one branch. 
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